21 February 2006 PREFERENTI AL MULTI HOLE COMBUSTOR LI NER BACKGROUND OF THE
| NVENTI ON This invention relates generally to filn1coo? ﬁRHﬁb liners
for use in gas turbine engines and nore particularly to SUch combust or
liners having regions with closely spaced cooling holes. A gas turbine
engi ne includes a conpressor that provides pressurized air to a conbustor
wherein the air is mxed wth fuel and ignited for generating hot
combustion gases. The fuel is injected into the combustor through fuel
tubes | ocated at unlfor aced |n ectlon oi nts_around the conbustor.
These gases flow Bﬁgé%K hd 113 Q@@éﬁ&ﬁ@%%iNﬁBt extract energy
therefromto power the conpressor and prOV|de useful work such as poweri ng
an aircraft in flight. Conbustors used in aircraft engines typically

i ncl ude inner and outer conmbustor liners to protect the conbustor and
surroundi ng engi ne conponents fromthe intense heat generated by the
conbust i AAGKOGBREHEND OREFHEINVENTIENDr oaches have been proposed to cool
conbustor liners so as to allowthe liners to wthstand greater conbusti on

t enper at Wsslnvéﬁll%nsrgﬁ&s errglyg) %ﬁn n&)léd ng?bu%tofr Illlnnran s13P ué g &4 ﬁn’? gat hi n

| ayer of "~ cooling arr he o Ussi ohsi NE 1iners

by an ar reayined and%fny)re ﬁmbmlaﬂpm sich Bmhlastdrdfnmdhdvﬁﬂg)uglbris heith cloeglg .

Mul ti-hole film co g reduces the overall thermal load on the |liners
because tPrFefgell %ﬁﬁ%rwough the cooling holes dilutes the hot conbustion
gas next to the liner surfaces, and the flow through the holes provides

convect i we GoQhivik eﬁglh@qnémaer a " @rhtessbr dhdheprdoReihedutpRbyp @ra cortain

portions of the conbuStor liners are al |g}bed with the injection points
def i ned lggmbustorciwhereif dhe it 48 thixedt woh bkl tand igeitedrfonfgeneretifgidiot t ubes.
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"hot str aeakgifoliily spaced injection points around the combustor. These gases flow
downstream to one or more turbines that extract energy therefrom to power the
compressor and provide useful work such as powering an aircraft in flight.
Combustors used in aircraft engines typically include inner and outer combustor liners
to protect the combustor and surrounding engine components from the intense heat
generated by the combustion process. A variety of approaches have been proposed to
cool combustor liners so as to allow the liners to withstand greater combustion
temperatures. One such approach is multi-hole film cooling wherein a thin layer of
cooling air is provided along the combustion side of the liners by an array of very
small cooling holes formed through the liners. Multi-hole film cooling reduces the
overall thermal load on the liners because the mass flow through the cooling holes
dilutes the hot combustion gas next to the liner surfaces, and the flow through the

holes provides convective cooling of the liner walls.

In the assembled combustor, certain portions of the combustor liners are aligned with
the injection points defined by the circumferential location of the center of the fuel
tubes. These locations are hereinafter referred to as “cup centers”. In operation, the
flow of combustion gases past these circumferential locations create “hot streaks™ of

~ locally increased material temperatures. The portions of the combustor liners subject
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| ocally increased material tenperatures. The portions of the conbustor
liners subject -1 21 February 2006 to hot streaks can ﬁgFibit %@hgation,
~corrosion and |low cycle fatigue (LCF) failures after ﬂ?ﬁm? field
use. Accordingly, there is a need for a conbustor liner in which cooling
filmeffectiveness is increased in the areas of the liner that are subject
to unusually high tenperatures and resulting material distress. BRI EF
SUMVARY OF THE | NVENTI ON According to a first aspect, there is provided a
gas turbine conbustor liner conprising: a shell having forward and aft
ends and telébt streals aan exigbit wdidatibn,aodrmsioatand| lewseycnfatigne (kClontalvtes f or ned
in said sggll' a dpgﬁgrou of cooling holes having a dianeter

subst ant i#4FT %7 © $H5n the dilution hole and formed in said shel
forward of said dilution hole, said group conprising first and second

sub- gr ouRsscoMiElE itRers ¥ &lnedioPpt h REmBEdtESliek irs ¥hithseohng ik bffestivepesar e nore
cl osely spaced than the cooli ng hol es of said first_ sub-group of cooling
g

hol es, ~ whtisregsedhin the sirgas Prithe Haerghatsyr gubieelgiemiserllygngh fFapsatiies posed i n

a generall ern, the center of said pattern being offset
in a cir@ﬂ%ﬁ%ﬁgﬁgggﬂagﬁggﬁ%%%n fromthe center of said dilution hole.

Herein disclosed is a gas turbine conbustor |iner made up of a shell having
cool'i ng BRIEESUMMARIYtORRTHEANVENFIOM of which are di sposed upstream of
the dilution holes and divided into two sub-groups. The second sub-group

of this group.of cooling holes. may be |qgcated in ci.rcu r [ al i gnnment
with & hatcosting s a%o‘#rﬁg;?s%eé’ e ‘§:|1%¥8%’ﬁ§‘?sap 25 qtutihe Hg’“g@c}n@% hol es of
the fi rstcoﬁ@ﬁsiﬁgpwhelﬂmiﬁ%mirbvamamaéfs endvoad dedihitigl & torgitudinal axig diol e

groups di sposed between dilution holes in_the liner. The _ additional groups

may be adeashgesiddwionshale fpmesd esad sl andergorn shopplingholechpdigter ent i al
di rect i onyt 0B QWG AYNANKEA MR Ud AR Holtard BANSS irf 8 HelFbrward

of said dilution hole, said group comprising first and second sub-groups, wherein said

cooling holes of said second sub-group are more closely spaced than the cooling holes

of said first sub-group of cooling holes, wherein the cooling holes of said second sub-

group are disposed in a generally rectangular pattern, the center of said pattern being

offset in a circumferential direction from the center of said dilution hole.

Herein disclosed is a gas turbine combustor liner made up of a shell having cooling
holes formed therein, a group of which are disposed upstream of the dilution holes
and divided into two sub-groups. The second sub-group of this group of cooling holes
may be located in circumferential alignment with a hot streak and may be more
closely spaced than the cooling holes of the first sub-group. The shell may also have
-additional cooling hole groups disposed between dilution holes in the liner. The
additional groups may be arranged so as to provide a converging flow in the
_circamferential direction to provide enhanced cooling to the area of the liner

downstream of the dilution holes.




downstream of the dilution holes. 21 February 2006 The present invention
and its advantages over the prior art will becone appa t; Upo eadi ng
the followi ng detail ed description and the appended cl %fﬁ%b%gv%opgef erence
to the acconpanying drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS The
subject matter that is regarded as the invention is particularly pointed
out and distinctly clainmed in the concluding part of the specification.
The invention, however, may be best understood by reference to the

foll owi ng description taken in conjunction wth the acconpanying draw ng
fi gures iTheyhésedi: inFéngion and itk sdwntagesaway txepriqrect willdbegpmwapparentg@eont ur bi ne

conbust or havi conmbustor ., li.ners . .of t present. i nvent.j,o FEebruary
2006 Fi gafadns e f%\l??}?é‘?lg ;518@'{1?‘5/Se‘i‘iPBW‘bfmA;ﬁ‘So"PP?‘bd%d&;‘a“QS gdﬁb%ge[régcelt?ner
depicti n%@g&bﬁgaﬂ)ﬁﬂg&ﬂaw{@gp cooling holes. Figure 3 is a top view of a
portion of a combustor |iner depicting the arrangenent of the nulti-hole
cooling holes of the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ORREEF RESGRIPIEONHE FHEWPROVINEY ei n i dentical reference nuneral s
denote the sane elenments throughout the various views, Figure 1 shows a
conmbust or - S . i disth P8 bi ian@ -
Conbust orT h%%ulﬂ egtlt E%géryglﬁt gﬁl'tég%lﬁ% ﬁsefrt%lzn%gﬁadnngra]p I nng’r}!’lr ?énlfei?d?ﬁﬂgfi gpos ed
bet ween distincthyeclainoedtio sheoroncladinggattef dmdspeeificatine: Thednansiporhoaesphg 18.

Quter and inner |iner and 14 are radially spa I OF 0fher to

defi ne a%ﬂﬁﬁ?ﬁ%%é’rm%&mﬁﬂ@ﬂctﬁﬂ%wgf?%wg&ga 81?%1:‘;02‘ ng°t1§ form an
out er passfdfe deco ﬁﬁgﬂmﬁg{nesinrmﬁ&h;l iner 14 and inner casing 18 form
an inner passage 24 therebetween. A cowl assenbly 26 is nounted to the ‘

upstream ends of

Figure 1 is a cutaway perspective view of a gas turbine combustor having combustor

liners of the present invention.
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outer and inner liners 12 and 14. An annul ar opening 28 is forned in cow

assenbly 26 for the introduction of conpressed air in ngﬁ?@ 10. The
~conpressed air is supplied froma conpressor (not shoé\nflf%?n i?ecti on

generally indicated by arrow A of Figure 1. The conpressed air passes
principally through annul ar opening 28 to support conbustion and partially
into outer and i nner passages 22 and 24 where it is wused to cool the
liners 12 and 14. Disposed between and interconnecting the outer and inner
liners 12 and 14 near their wupstreamends is an annular donme plate 30. A
pl ural i t Wigfre & iscaiperspestive ali¢w of papertion fj & Fembugserelinsrjdsgicing Anglefount ed i n

done pl ate . Each swir|ler assenbly 32 receives conpressed air from '
annul ar &%ﬁ%ﬁ&?@ﬂ%ml%el froma corresponding fuel tube 34. The fuel

and air are swirled and m xed by swirler assenblies 32, and the resulting
fuel / ai r Rigutt Orie aitp diescédiar pation of a combbstst limer dehietibhe the2frangbreercarfbust or
. has forward 60. ]g(gd af t Zéﬁe%%? and defines a |longitudinal axis (not shown),

whi ch i n the REltishale ceplingho e PIESROIYEHION: s coi nci dent with the
| ongi tudi nal axis of the engine. It is noted that although Figure 1

i 'l ustratgsronerrpesereicNbedime niveNT@ON3 21 February 2006 single
annul ar conbustor, the present invention is equally applicable to any type

of conbustor, including double annul ar conbustors, which uses nulti-hole
fi1m coolRefgringnie dhe fiavinghayharsip ddentical zefgrenge agmgralo #pnqte dhg samggl e wal | |

metal shel | j . i al [
confi gur %l%e%%w&g(?‘lgg O‘Iltigtﬁg ?aﬁé&%gg&g’ut%&e? g}é(ﬁg%g c*) %’gl(l:) :ﬁgr%le "(I' ﬁ 13,) ; 21(1)@( t)@g nbusti on
gases i n saivdbihefir uvedirch gadxarbifderggime. aCembuktei Heindidesnan awert livedr 1%ianf t he

relatively cool .air_in, outer passage 22. Simlarly,.inner liner, 14 has a
hot si de 2B0nRgiclipg %%@IWSFG%BEWGE‘EiaBnO‘ﬁﬁ%ng Wt@o%‘fﬂfﬁ ilgr?nélhaa'“nﬁlél?erzo and a

col d si dgomBgsthieasRBURC LoVt dhdlififer IRle! 1/ 80/ 14 ORI radiblly sphcbdB8M RRASAgE 24.
Both liners 12 and I4 include a | arge nunber of closely spaced cooling
hol es 44 ofter teedefinieer wimbustion chamber 20. Outer liner 12 and outer casing 16 form an

- outer passage 22 therebetween, and inner liner 14 and inner casing 18 form an inner

passage 24 therebetween. A cowl assembly 26 is mounted to the upstream ends of

outer and inner liners 12 and 14. An annular opening 28 is formed in cow] assembly

26 for the introduction of compressed air into combustor 10. The compressed air is

supplied from a compressor (not shown) in a direction generally indicated by arrow A

of Figure 1. The compressed air passes principally through annular opening 28 to

support combustion and partially into outer and inner passages 22 and 24 where it is

used to cool the Hners 12 and 14.

Disposed between and interconnecting the outer and inner liners 12 and 14 near their
upstream ends is an annular dome plate 30. A plurality of circumferentially spaced
swirler assemblies 32 are mounted in dome plate 30. Each swirler assembly 32
receives compressed air from annular opening 28 and fuel from a corresponding fuel
tube 34. The fuel and air are swirled and mixed by swirler assemblies 32, and the
resulting fuel/air mixture is discharged into combustion chamber 20. The combustor
has forward 60 and aft 62 ends and defines a longitudinal axis (not shown), which in
the case of an annular combustor is coincident with the longitudinal axis of the

engine. It is noted that although Figure 1 illustrates one preferred embodiment of a
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Dilution air is primarily introduced into conbustor chanber 20 through a
plurality of circunferentially spaced dilution holes : géir )
di sposed in each of outer and inner liners 12 and 14. ﬁ%FI(eE | nﬁlr?(%)l es 48
are generally far smaller in nunber than the cooling holes 44, and each
dilution hole 48 has a cross-sectional area that is substantially greater
than the cross-sectional area of one of the cooling holes 44. Dilution
hol es 48, and to a snaller extent cooling holes 44, serve to admt dilution
air into conmbustor chanber 20. The dilution holes are arranged in
ci rcunf ersergdé arinjar coptbustor,ribe Ipeesert iaventiod is egugllr inplicalle &9 aphypeiders 12
and 14. The,fgrwar d- nos nd f di | r to as
ot mary GORGERBH HOTURE Souty fraofis sEmbib s S BRI M bodie 0 e
primary dilution holes 48 are aligned wth the injection points defined by
t he cir cumpdtar &l inabr lingatllR andai4 ¢édok compries acingidhevallf nmetal ishglbbhsvang a34 and
swrlers 32. | n operation, the f|ow of_ conbustjon_gas ast = these
ci r cunf ersSA¥AY i ang Al SHPRIIng ANTEHFSERS Oumf_lﬁﬁﬁfll% %Sf_f?é F‘é‘_ﬁggd
mat eri al f?&ﬁg% ﬁ&tUéo?ﬁbusEE&?%Q?elétih%hﬁm@ﬁ&l BidmRs 10CAd Y a lcOrMOkiE AR A

S

because o wrl of the ow in the conbustor caused by the swirlers

32, the sonieaksitathe relatively coel dithie outdrpessage?dnBimillarly, nwer lingy Idwpavi ewed

along th e of the.,conmbuystor. Althou e .nri i

ot vt ot SHEa0 a8 ngBE LR g R At SRR 28 hla £RR0

combust o142l ihnehtctlwitR Akt Adativeliecdal biriif e padshige 2AMBOg Biier 1Rané 142 and 14
subject to hot streaks can exhibit_ oxidation, corrqgsjon and |ow cycle

fatigue (Reyde g largeurumber pbstpsely waged aling holes 44 formeg thegeip. 2006 Referring
now to Figure 2, cooling holes 44 disposed through a portion of outer I|iner
12 are s ioh ir® ' ugidk ShamiflePoGhHueR Al griglidyQJres 1n
outer |i glr’fﬂm?%’ | ?ﬁg%gbﬁﬁg%égﬂg@g&t%ggig that the conf iuggraﬁt i orlﬁof cool i ng
hol es of cimmmferdrtiaby spateid glilution holes 48 (Figure 1) disposed in each of outer and

inner liners 12 and 14. Dilution holes 48 are generally far smaller in number than the
cooling holes 44, and each dilution hole 48 has a cross-sectional area that is
substantially greater than the cross-sectional area of one of the cooling holes 44.
Dilution holes 48, and to a smaller extent cooling holes 44, serve to admit dilution air
into combustor chamber 20. The dilution holes are arranged in circumferentially
extending bands around the periphery of the liners 12 and 14. The forward-most band

of dilution holes 48 are referred to as primary dilution holes.

In the assembled combustor, certain ones of the primary dilution holes 48 are aligned
with the injection points defined by the circumferential location of the center of the
fuel injectors 34 and swirlers 32. In operation, the flow of combustion gases past
these circumferential locations create “hot streaks” of locally increased material
temperatures, These streaks are not strictly longitudinal; because of the swirl of the
flow in the combustor caused by the swirlers 32, the streaks are curved in the
circumferential direction when viewed along the length of the combustor. Although
. the prior art cooling provisions provide adequate cooling for the other portions of the
combustor liners 12 and 14, the portions of the combustor liners 12 and 14 subject to
hot streaks can exhibit oxidation, corrosion and low cycle fatigue (LCF) failures from

~ field use.




substantially identical to that of outer liner 12. As such, the follow ng
description will also apply to inner liner 14. Figure i,ncl u a frane
of reference having axes labeled X, Y and Z, wherein %%ng’iuﬂ%&g@%stream
axial direction of flow (indicated by arrow B) through conbustor 10, Y is
the circunferential direction, and Z is a radial direction. Cooling holes
44 are axially slanted fromcold side 38 to hot side 36 at a downstream
angle A which is preferably in the range of about 15 to 20. Cooling holes
44 are arranged in a series of circunferentially extending rows 46.

Adj acent Refiating ndw to Figae B, capling diotes d4alisposed draghiagportien ef epercimy S,

between their respective, centerlines, a adj ace r 46 have an axi al
row spacilaj‘r?jfh%?& F’IOFng‘?ii?fgl ﬁi&??%hﬁwngfiﬁ%‘&&%f%%ﬁ%ﬁ ]é’so"ﬂ% lgrfeé arr anged
into thrae RihéBd be udBEHIREA tit oA SBratiOF of &sblind hblte oBiRr Bhér 1afist he
primary dilution holes 48, another group 70 located in the area forward of

the pri mspstatitially idsntips te thanef ouserdingn d3-nAs sugy thpfoBewimgdsesipiiopWilne area

axially in-l] | t hi A ks W]z ) [ [ war d nor
aft of t ﬁ{eéopép:ﬁﬁéwyt‘%epty{n?%#’hgﬁlggpe @%J%g acﬁ%?%rﬁfgﬁegeﬁ?ﬁglﬁalgg{ga{l%n of the
near est (alpledeqtennd g, whpreRsXid thd downktreaen 8dali direEliguo&f]By (ihtheatedbyi cul ar
primary dilution hole that i ircunferentially. aligned with the.cup
center 82UPY¥ Bhthaeysn eanbyistor rléf r‘éﬁ]&%mﬁﬂ%ft@ ?ﬂ@a‘!‘re?ﬁg“’gﬁng lsﬁr%falcpol i ng
hol es 44 d(i)rgcﬂo% abssl C?%fﬁol%&f 44 B RIAIFaAtl frbth QN 5ok 88 td 8ot fibe36@PR! i Ng

hol es 44 this gr1 p /0 are angl ed downstreamin a Z direction at an
angl e A dewnsirsousisgle Agbwdvich isTpreferabdy imthetrahgs ofidbayt 1§F bup04Lavkipgbe al | of

the sane_djaneter and cross-secti onal .sh i n, order_t as facture.
Al Cer nat PO 0 mBatE Bribders o HETBBerIRYY 101 RanE rold BN oo il g or

di anet er $i0fe8144iip GhEafRd hhrcatirGadbien@al hbhespaedR! 3, Mgth@habeidfespéctigeoup 45
are also circunferentially slanted or clocked at a clock angle B as shown
i n Fi gur eeterliops @nd adigeaat B 4 havg B pxigbiovesgsingd - to the swirl of flow

t hrough conbust or chanber 20, which is generally in the range of about 30

to 65 RralnSXeWPlA Lo HERRbInE R8s B HRYarbhig@P b e primary
groups: a group 45 located in the area aft of the primary dilution holes 48, another
group 70 located in the area forward of the primary dilution holes 48, and another
group 88 disposed in the area axially in-line with primary dilution holes 48 (i.e.,
neither forward nor aft of the primary dilution holes 48). The circumferential location
of the nearest cup center is represented by line 82 in Figure 3. The particular primary
dilution hole that is circumferentially aligned with the cup center 82 is identified by

reference number 48a.

The group 45 of cooling holes 44 is located aft of the primary dilution holes 48. The
cooling holes 44 of this group 70 are angled downstream in a Z direction at an angle A
as discussed above. The cooling holes 44 of group 45 may be all of the same diameter
and cross-scctional shape in order to ease manufacture. Alternatively, selected ones of
the cooling holes 44 may have larger diameters for increased local cooling. The
cooling holes 44 of group 45 are also circumferentially slanted or clocked at a clock
angle B as shown in Figure 2. Clock angle B preferably corresponds to the swirl of
flow through combustor chamber 20, which is generally in the range of about 30° to
65°. In an exemplary embodiment, angle B may be about 45°.

-5-




-5 21 February 2006 A group 70 of cooling holes 44 is arranged around the
peri phery of the liner 12 wupstreamof the primary dil gtliPo 48. The

hal
cooling holes 44 of this group 70 are angl ed downstream ieﬁrugry |6r ection

at an angl e A as di scussed above. The cooling holes 44 of group 70 may be
all of the sanme dianeter and cross-sectional shape in order to ease

manuf acture. The cooling holes 44 of group 70 may be aligned parallel to
the conbustor's longitudinal axis in the circunferential direction, or they
may be disposed at an angle to the longitudinal axis to better direct the
airflow a% gleg 7e@df doling gmbﬁ'pﬁ‘leis am@geg@mwg tholpssiphery off the dinsr 28 may be

circunferentially.slanted,or.clocke t a c¢lock, an S I n
Figure 2 u&ﬁt&ea&{égg?ﬁe@g@%g@gff’n@%ﬁp&0 S ?‘%}F’ glg]gg %n?efot%siﬁ @'fp ztﬁ%@s econd
sub- gr oupsglea@f®ieReatn asa Vldidediod At b8 SRGRLA \ueldyscussaé abevd. €Thé coolingnt er

spacing of the cooling holes in the first sub-group 71 is general |y equal
in the dawle 4anbzonp g’@rﬁl@f kaellaf the saae ideﬂwfera@dd@%*rﬁ%waﬁéh@eﬂm ly

below T B f ot 0, i 4 s
provi ded h)?%égg 3? %s@%ﬁ%&ﬁgﬁgg%ogﬁlg Hla)ﬁesg{‘}hée)fpgﬁ&%)e?@ ilgd?qi?h%%g%g#ﬁ%éhol es 44
of secondo shihegmbusprzlongiardine asmne the amainefereatial ditestiomodri thgy hayds 44 of

first sub-.group 71, but th are.more. closely.s ed 1 n order provi de
mor e coolistgsibi a8 gl e e lrpethidind isdo ReGHigdaRE el S ifedde,
pattern QhmbROtheRBOMh FIes 4 FUROU7(PHAY b 8 cuniferepaalprs1saed bnélodded fl ow
which is used to reduce the tenperature of the sections of the |iner 12

subj ect tabatrbecksangleaRBsas shewanin Rigere? andydesptifend; sbore. Creunudiydividsd72 is

arranged ;] e 1.0 f.f ' L0.a cadkal direction.
Because 6}?tjat rg aSnV%I S:e{;gn:ansuﬁt%&ﬁsg\}g\}% ﬁlrc ‘\éﬁ]ug{:n #ede}(f:%g%hés?tugﬁl?' ﬁ%% cﬁgtltef got reaks are
not precknet ypaalnggitate vodlingtHodesch rthel fifse setniioab Mdsigenaaldy efual hetheup
centers 82 . at the forward end 60 of the |iner _ 12. Rather, there.is sone

of f set ofaxiahantgircupiersgial difechons; ag B%Fb%m%@we t Chgsagond f¥hsr ef or e,

the posi thQn, f of M8 oPH W FRokAg hdleS 84 §Cpr8Uided to address the hot streaks in
the liner 12. The cooling holes 44 of second sub-group 72 are the same diameter as
the cooling holes 44 of first sub-group 71, but they are more closely spaced in order to
provide more cooling holes 44 per unit area, as described below. This denser pattern
of the second sub-group 72 provides increased cooling air flow which is used to
reduce the temperature of the sections of the liner 12 subject to hot streaks. In an
exemplary embodiment the sub-group 72 is arranged in the form of a rectangle when

viewed in a radial direction.

Because of the swirl in the flow through the combustor, the hot streaks are not
precisely aligned with the circumferential positions of the cup centers 82 at the
forward end 60 of the liner 12. Rather, there is some offset of the hot streaks with
respect to the cup centers 82. Therefore, the position of the sub-group 72 is selected
to provide enhanced cooling in a particular circumferential location as needed. The
center of sub-group 72 may be offset circumferentially from the cup center 82 in the

direction of the flow swirl.

Conventionally, cooling holes in typical combustor liners have very small diameters

on the scale of about 0.02 inches (0.5 mm) and circumferential hole spacing of about

0.13 inches (3.3 mm), or about 6.5 hole diameters. The axial row spacing is generally
-6-




to provi de enhanced cooling in a particular circunferential |ocation as
needed. The center of sub-group 72 nay be offset circ ent | from
the cup center 82 in the direction of the flow swrl. Eg%ﬁé@ﬁﬁ%igé%ll Y,
cooling holes in typical conbustor liners have very small dianeters on the
scal e of about 0.02 inches (0.5 nm and circunferential hole spacing of
about 0.13 inches (3.3 mm, or about 6.5 hole dianeters. The axial row
spacing is generally -6 21 February 2006 equal to the circunferential hole
spacing. Specifically, Figure 3 shows a portion of conbustor liner 12

havi ng t kguaub-the curpuiferantiak bolei spacing | Spscifisalig Higere Sosheavst 4 porion afpaci ng

(i.e., circunferential. hol e,spacin a axial ro aci P _are . .both
about 6.% yptar ﬁ?ci having, e(ﬁ%’?‘%ﬁ?ﬁeé}dc(o?ﬁ%g hﬂl}e'); \A%ij v?ﬁgggﬁ%lﬁaﬁ%up 72 of
cool i ng hph&sg (4., diRasifGemthl hvldgiating J hmpaxiklnro ghacied) atdd Bidth abdutght er
circunferential hole spacing S. Preferably, cooling h Ie? 44 of sub-group

EZI have &-Hhelgdiameters onBdanchen3.3 mupband thessubrgryup idobeqdling hpfca Aént i al
L0GoS 59 doRR Whed dj | At
hol e Spaﬁ%ﬂ@os%d b?odfo?tgﬁ Zﬁles nh?%ﬁ[ﬁrefjw @t ?55 c@chl%féégﬁt glofseﬁsgfl%fg% S IS

Wit hin the scope prese ventio provi in' 72 with
a ti ght erPrefiably, caolingfmbdsrig; oflsobvercawp, 72tHage adianicteraf/abma di02gnehds§0.5ub- gr oup

72 is preferaply. the same as that qf b-grqup 71. By usjng. the same hol e
di anet er 1) a‘HE‘l‘ %‘_rc"g’&fﬁ[e&{:‘ra}fﬁe/ipaﬁwgci aggﬁ%ﬂgd%"%%@% cfﬂsdn(gbg%lﬁg?sa( i ons can
be perforpmyl fGeHithicthe Xcoﬁé"cif'ﬁl‘i%‘ére&%ﬂiﬂv‘éhﬁ& Rprovid teonBlore§ TPwaRer ati on.
The cooling holes 44 of group 88 are disposed axially |nglrl ne with primry

di | uti on a hglitersaxi®. row spacimgt howeygroths 883l wbsRRCBEPR 1o SuoBIRAG2NE| es 44
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the circunferential direction. In this way additional cooling flowis
provi ded vathouhweqeiring grrddifanal setup 9esalioh of the prinary dilution hol e

The cooling holes 44 of group 88 are disposed axially in line with primary dilution

holes 48. Within this group 88, sub-groups of cooling holes 44 adjacent to the

primary dilution holes 48a aligned with the cup centers 82 are disposed at alternating

angles such that the holes on each side of a cup center position are angled towards the

primary dilution hole 48a in the circumferential direction. In this way additional

cooling flow is provided at the circumferential location of the primary dilution hole

48a. In the exemplary embodiment shown, a first sub-group 74 of cooling holes 44 is

located even with primary dilution hole 48a in the longitudinal direction, and is

disposed to one side of the primary dilution hole 48a in the circumferential direction.

The cooling holes 44 of sub-group 74 are angled in the circumferential direction so

that they point towards primary dilution hole 48a in the downstream direction. The

cooling holes 44 of sub-group 74 may be angled at about +45° with respect to the

longitudinal axis. Another sub-group 76 of cooling holes 44 are located opposite sub-

group 74 on the other side of primary dilution hole 48a in the circumferential

direction. The cooling holes 44 in sub-group 76 are angled in the circumferential

. direction opposite to cooling holes 44 in sub-group 74, so that this sub-group 76 also

directs cooling air flow to a location directly downstream of primary dilution hole 48a.




48a. In the exenplary enbodi nent shown, a first sub-group 74 of cooling

holes 44 is |located even with primary dilution hole 4 ? Fefiy 006
| ongi tudi nal direction, and is disposed to one side o { & primary
dilution hole 48a in the circunferential direction. The cooling holes 44
of sub-group 74 are angled in the circunferential direction so that they
point towards primary dilution hole 48a in the downstreamdirection. The
cool ing hol es 44 of sub-group 74 may be angled at about +45 with respect to
the [longitudinal axis. Another sub-group 76 of cooling holes 44 are

| ocat ed Ofhsesplieg belbs 44 inowb-Faum A6 may betahsted ot akovsF455rwittnregpast futheon hol e
48a in the cﬁacug&genti al direction. The cooling holes 44 in sub-group 76
are angl LR rcunferential direction opposite to cooling holes 44
in sub-group 74, so that this sub-group 76 also directs cooling air flow
to a | ocatdditiomdl sidecglovpdtBunst §teainoolingholemd4 nmaiylbetaidded todhehet 8mprove 21

February 2006 The cooling holes 44 i.n sub-gro 76 be, angl ed ,at about
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center position. Again referring to Figure 3, these additional sub- groups
78 and 8Gndimayds!disppsérbdusside af avgbegmhm ‘Hoarsl Khiaghe ginenefereatiglgligetiops 74 and

76, and y_be di sposed outside of. . - S..{4. an i the
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~di | ution cho@ineh, grofipsOBBcoddifip Mdle¥ent maghelptrrsed aithngriadyedilidnmay be
interspersed with primary dilution holes 48 in alternatjng order in a
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hole sub-groups 74, 78 and 76, 80 arranged to converge downstream of the primary
dilution holes 48a. In effect, the pattern of cooling holes as shown in Figure 3, with
four converging sub-groups of cooling holes arranged around primary dilution hole
48a, would be repeated at each cup center 82 around the circumference of the

combustor liner 12.

The foregoing has described a multi-hole film cooled combustor liner having an
improved arrangement of cooling holes to reduce temperature gradients and hot
streaks. While specific embodiments of the present invention have been described, it
will be apparent to those skilled in the art that various modifications thereto can be
made without departing from the spirit and scope of the invention as defined in the

appended claims,




dilution holes 48a. In effect, the pattern of cooling holes as shown in
Figure 3, with four converging sub-groups of cooling h@ldsbamara?@id ar ound
primary dilution hole 48a, would be repeated at each cup center 82 around
the circunference of the conbustor liner 12. The foregoing has described a
mul ti-hole filmcool ed conbustor |iner having an inproved arrangenent of
cooling holes to reduce tenperature gradients and hot streaks. Wile

speci fi c Gdaibsdi nents of the present invention have been described, it will
be apparent to those skilled in the art that various nodifications thereto

can be de wy -depanting..fromthe. spirit and scope of the invention
as defi ng‘g in %%%%b%e% gngtgggPéﬁscpn?ﬁEgbruary 2006 Cains: 1. A gas
turbi ne conbustor liner conprising: a shell having forward and aft ends and
defining a | oagh¢llbavird foawmsl,andaft dndaatd defihinh 4 lonpinndihallagisf or med in said
shell; and a group of cooling holes having a dianeter substantially smaller

than the dilutjon hol.e and fornmed.i.n said.shell forward of said dilution
hol e, said grBhiﬁaStd?Bﬁﬂﬁ?%‘?ﬁﬁﬂ?fqr@Pd&hﬁP@%an ub- groups, wherein said
cooling holes of said second sub-group are nore closely spaced than the

cool ing holes aq%roﬁﬁic@‘ doblifg HOMR-IRRIEPa Qfiam6teP kiiehnRil© Smanbe iinNthk he
cooling holes of said second sub- ro;p are disposed in a generally
P

r ect anguBvtiggaheler and formedeint said shell fpuvasdrafesard Wdptiep dples saidi grogp

circunfer I: j [ectd on c . of . sal i uti hole., 2. The

combust o?g r%frjl%lrlg gifrgth%éii %C?J%@éﬁgﬁpss g)?’rﬁae%slﬂeﬁquﬁoagingr? Ogeﬁ n(%ln%?}d)é%cﬁp guration
and sai dsuingloupGird@loes clobelg apaoellithad tirRnebobiag toits Bflkaldr frdpsutag@uplof ar ranged
in a series, of circunferential iI;r%eextendj ng rows, wherein_adjacent cooling

hol es i noealing e, maweein thecsookingrgles of isaid Seermdd Sbampwr ardispaspdéeat rows
have an @é{e?éu)f Peeraitidr " Pattern, the center of said pattemn being offset in a

circumferential direction from the center of said dilution hole.

2. The combustor liner of claim 1 wherein said shell has an annular configuration
‘and said cooling holes of said first and second sub-groups are all arranged in a series
of circumferentially extending rows, wherein adjacent cooling holes in each row have

a circumferential hole spacing and adjacent rows have an axial row spacing,.

3. The combustor liner of claim 2 wherein the circumferential hole spacing of

said second sub-group is less than the circumferential hole spacing of said first sub-

group.

4. The combustor liner of claim 3 wherein the cooling holes of said group are

parallel to said axis in the circumferential direction.

5. The combustor liner of claim 3 wherein the circumferential hole spacing of

said first sub-group is equal to about 6.5 hole diameters.

6. The combustor liner of claim 5 wherein the circumferential hole spacing of

- said second sub-group is equal to about 5 hole diameters.




3. The conbustor liner of claim2 wherein the circunferential hole spacing
of said second sub-group is |less than the circunferenbg@gxg opgaci ng of
said first sub- group. 4. The conbustor liner of claim m% rein the
cooling holes of said group are parallel to said axis in the
circunferential direction. 5. The conbustor liner of claim3 wherein the
circunferential hole spacing of said first sub-group is equal to about 6.5
hol e dianeters. 6. The conbustor liner of claim5 wherein the
circunferential hole spacing of said second sub-group is equal to about 5
hol e di amet ers. - OPRERERERUM ATUMIHOLBGOVBIBIETORTNERER  ABSTRACT A
mul ti-hole cool ed conbustor liner (12, 14) s provided which reduces hot
streaks and associated material distress in the liner (12, 14). Areas of
i ncreased cooling hole (44) density are disposed upstreamof the primry
dilution holes (48) and in circunferential alignment wth fuel cup centers
(82). Additional cooling holes (4ABSTRA€Tprovided in between primary
dilution holes (48) are arranged in alternating pairs of <circunferentially
angl ed h% %}lé-ﬁ@e SRA° tn%t@%)?"ﬂn%? (f"z, Cl%“é %r&nﬂ&l %?Jh' T&uds rhoE le}g\c’lkIS n the
downstreamditection. g%g.

and associated material distress in the liner (12, 14). Areas of increased cooling hole

(44) density are disposed upstream of the primary dilution holes (48) and in
circumferential alignment with fuel cup centers (82). Additional cooling holes (44)
are provided in between primary dilution holes (48) are arranged in alternating pairs of
circumferentially angled holes (44) so as to provide a converging cooling air flow in

the downstream direction.

Fig. 3
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